The water consumption system is a typical dissipative structure system, and its evolution can be described with information entropy. Meanwhile understanding the principal driving factors in the evolution of water consumption is essential for water consumption prediction and management.
Water consumption structure evolves between orderliness and disorderliness. The concept of entropy in information theory describes how much information there is in a signal or event. Information entropy can reflect important structural characteristics and changes in water consumption. If information entropy is low, there will be a high degree of orderliness in water consumption. If the inverse is true, that is high information entropy, the degree of orderliness will be relatively low. Information entropy studies have focused on evolution in land usage structure and energy consumption patterns (Tan & Wu ) . Such studies have shown that the information entropy of a large city in terms of land usage is greater than that of small cities (Chen & Liu ) . Moreover, analyses of energy consumption in urban areas have shown that with the increase of city area, information entropy first increases before decreasing and eventually forming an inverted 'U'-shape curve (Geng et al. ) . The theory of information entropy was applicable to land usage and energy consumption, and so it is to water consumption. We predict that water consumption will follow the same trend.
In this study, information entropy of water consumption was calculated from 1997 to 2010 in China, and then the driving factors were identified by principal component analysis. With these analyzed factors, the evolved trend of water consumption can be predicted by way of the backpropagation (BP) neural network model. The objective of this work is to estimate the dynamic evolution of water consumption in China to help planners and decision makers in the management of water resources.
THEORETICAL MODEL
The dissipative structure of water A 'dissipative structure' is a non-equilibrium system that is far from the equilibrium state of the system, and should be supported by continuous material inputs and outputs in open systems (Xu & Du ) . The behavior of the system as whole and emergent behaviors both manifest during the course of evolution. The evolution can be described with information entropy theory. A dissipative system is dynamically sequential, which must meet the following four conditions:
(1) the system must be an open system; (2) the system must be far from equilibrium; (3) there must be non-linear interactions; and (4) there must be fluctuations (Chang et al. ) .
Water consumption structure accords with the fundamental characteristics of a dissipative system. First, water
consumption is an open system where there is a continuing exchange of materials, energy, and information. Second, water consumption structure is far from equilibrium. 'Competition' for limited water resources creates nonequilibrium. Furthermore, water consumption structure is provided with coupled 'economic-social-ecological' complexities and their non-linear interactions with each other.
Finally, water consumption structure is composed of a great number of substructures. Natural and social factors cause changes within the substructures. When the degree of these changes gets large enough, they cause mutations within the overall structure, thus leading to more orderly dissipative structures. Therefore, the water consumption system is typically dissipative, and its evolution can be analyzed by information entropy theory.
Information entropy of water consumption
Information entropy is used to quantify the amount of information in a data set (Chen ). Shannon () proposed the concept of entropy in information theory. The concept of information as 'entropy' had been expressed since the mathematical formula for the concept is similar to the entropy function defined in statistical mechanics (Xu & Du ) . According to the given definition of information entropy, the information entropy of continuous random variables can be defined as follows:
where H refers to the information entropy of the continuous random variable, and p(x) is represented as a continuous random distribution function.
Water consumption structure is a large and complex system which evolves closely correlated to socio-economic development. Consumption in economically less-developed regions is primarily agricultural water consumption; following economic development, manufacturing and domestic consumption increases while agricultural decreases.
Therefore, water consumption structure evolves an equilibrium (Ma et al. ) . Analyses from this point of view are useful for applying the information entropy concept to study evolution in water consumption.
Supposing at a certain timescale, the total water consumption is Q, type n water consumption is (x 1 , x 2 … , x n ), each type of water consumption is (q 1, q 2 , … , q n ), and each type of water consumption as the total probability is (p 1 , p 2 ,
. Then water consumption structure information entropy is defined as:
where H is information entropy; and for convenience in the calculations, the natural logarithm (ln) of this value is used.
Put simply, the natural logarithm of H reflects the many types of water consumption. When there is no development or utilization of water resources, the diversity index is 0,
Conversely, during development, each type of water usage stabilizes and averages
at the largest diversity index, H max ¼ ln(n). From this, we can see that with more types, the entropy increases due to the differences of each type of water consumption decrease.
The BP neural network model
The BP neural network model is a data-driven model and is highly suited to non-linear simulation (Leshno et al. ) . The relationships among the three methods are as follows. Firstly, the evolution of 'dissipative structure' can be described with 'information entropy'. The water consumption system is a typical dissipative system, and its evolution can be analyzed by information entropy. This can describe the current evolution of water consumption structure. Secondly, the 'BP neural network model' is used to forecast water consumption structure, and then to forecast the evolution of water consumption structure by 'information entropy'.
DYNAMIC EVOLUTION OF WATER CONSUMPTION Quantifying changes in water consumption
The total amount of water consumption in China in 1997 was 556.6 billion m 3 , and it increased to 602. China is a major agricultural country, and 60%-70% of all water consumption is in the agricultural sector. 
ANALYSIS OF THE DRIVING FACTORS BEHIND WATER CONSUMPTION Driving factors
The factors that can influence evolution in water consumption structure include population size, economics, society, technology, and the inner links among these factors.
Precipitation is a main factor affecting water resources, but its influence on water consumption structure is not large.
So in this study, precipitation is not regarded as a driving factor. Thus, we chose 12 factors that were representative of population growth, economic development, and social advancement to drive the evolution of water consumption structure, as shown in Figure 5 .
Analysis of the principal driving factors
The dimension of a huge data set can be trimmed down by using principal component analysis, which is considered as one of the most prevalent and useful statistical methods for uncovering the potential structure of a set of variables.
This method is used for explaining the variance of a large Agricultural structure has a principal influence on water consumption. Therefore, the driving factors influencing water consumption in China can be divided into two categories: socio-economic development variables and agricultural structural variables, and the former has a more significant influence. According to the component score coefficient matrix, we determined the relationship between the two main components and factors as follows:
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The first main contributing component value was 70%
and the second was 23%. The multiple linear regression equation of the driving factors can be obtained by weighted Therefore, the greatest factors influencing China's water consumption structure are population, command irrigation area, food production, GDP, water conservation area, city parks, and urban consumption levels. Based on the maximum factor score and factor non-repetition, the principal driving factors are population, GDP, food production, command irrigation area, and urban consumption levels.
PREDICTING WATER CONSUMPTION STRUCTURE
BP neural network theory was used to predict water con- 
CONCLUSIONS
The water consumption system has typical characteristics of dissipative structures, and its evolution can be described by information entropy. Meanwhile, the driving factors of water consumption were analyzed to predict the evolution of water consumption. The main conclusions were as follows. 2. The principal driving factors influencing water consumption were population, command irrigation area, food production, GDP, water conservation area, city parks, and urban consumption levels. These results suggest that controlling population growth, improving economic efficiency, and increasing the use of water-conservation technologies in the agricultural sector would be the most beneficial for solving water scarcity issues in China.
3. Five principal factors were used as inputs of a BP neural network model to predict water consumption from 2011 to 2020. The results demonstrate that the total amount of water consumption will be changed slightly. Specifically, agricultural water consumption will decrease, while both manufacturing and domestic water consumption will increase. The information entropy was further calculated based on the predicted water consumption structure, which presented an inverted 'U'-curve. This evolution trend accords with land, energy, and other scarce resource development processes.
4. The research analysed the dynamic evolution and driving factors of water consumption in China. On this basis, the evolved trend of water consumption was predicted.
According to the research, driven by the driving factors, the water consumption system will be more reasonable during the coming period. Decreasing agricultural water and increasing manufacturing and domestic water will optimize water consumption allocation, which made the limited water resources produce the maximum socio-economic values. 
